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ABSTRACT 

Metallisation  stability  on  semiconductor  surfaces  depends  on  atonic  Interdlffualon 
at  two  Interfaces,  namely  the  semiconduct ondfeetal  Junction  and  the  overlayer©-^ 
atmosphere  Interface.  Recent  progress  in  controlling  the  stability  of  these  inter¬ 
faces  derived  from  the  use  of  powerful  nondestructive  analytical  tools  of  local 
Interface  composition.  We  summarize  here  synchrotron  radiation  photoemlsslon  stu¬ 
dies  of  metallic  overlayers  on  Sl(lll)  and  GaAs(llO)  surfaces.  We  focus  on  the  use 
of  diffusion  barriers  to  control  atomic  lnterdlf fusion,  and  on  the  effect  of  oxi¬ 
dizing  atmospheres  on  metal  and  semiconductor  coiq>osltlon. 


INTRO DUCT ION 

Corrosion  and  electromlgraclon  arc  two  criti¬ 
cal  phenomena  that  limit  long-term  reliability 
of  metallization  patterns  In  Integrated  circuits. 
The  formation  of  passivating  layers  to  protect 
the  metal  from  oxidizing  environments,  and  the 
use  of  diffusion  harriers  In  the  Interface  region 
are  two  methods  chat  offer  promise  of  controlling 
corrosion  and  electromigration  without  Imposing  a 
radical  change  In  materials  or  In  fabrication 
technology.  Both  methods  modify  the  local  envi¬ 
ronment  of  one  of  the  two  interfaces  present  In 
the  system,  l.e.  the  overlayer-atmosphere  inter¬ 
face  and  the  semlconductor-overlayer  Interface. 

In  fact,  the  two  Interfaces  are  thermodynamically 
coupled  and  the  modification  of  one  of  the  two 
may  result  In  modification  of  the  other.  Recent 
studies  of  Au,1*7  ^r5  overlayers  on 

Sl(lli),  for  example,  have  shown  that  exposure  to 
oxygen  yields  growth  of  a  Sl-oxlde  layer  on  top 
of  the  metal,  and  that  such  a  process  is  strongly 
dependent  on  the  morphology  of  the  slllcon-metal 
Interface.  For  different  metals,  such  as  So  and 
Cs,®»7  the  oxide  Is  nucleated  at  Che  metal- 
semiconductor  boundary,  l.e.  below  the  metalliza¬ 
tion.  These  two  aspects  of  enhanced  oxidation  in 
the  presence  of  a  metal  overlayer  could  be  ex¬ 
ploited  in  different  ways.  When  the  oxide  Is 
nucleated  on  top,  It  may  represent  a  good  passi¬ 
vating  layer  to  prevent  corrosion  of  the  metalli¬ 
zation.  When  the  oxide  Is  nucleated  underneath 
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the  metal,  ultrathln  metal  overlayers  can  be  used 
as  catalysts  of  semiconductor  oxidation  and  allow 
low-temperature  oxide  growth.®  After  growth  of 
an  oxide  of  suitable  thickness,  the  metal  cata¬ 
lyst  can  he  removed  with  a  number  of  etching 
techniques.® 

Atomic  lnterdlffuslon~at  semtconductor-metal 
Interfaces  takes  place  during  junctton  formation 
and  processing  for  a  large  number  of  metals,®*1® 
even  when  no  electric  field  Is  applied.  Xnter- 
dtffuslon  has  been  observed  even  at  liquid  nitro¬ 
gen  temperature,11  It  may  be  chemically  acti¬ 
vated,1'  and  It  determines  the  microscopic  Junc¬ 
tion  profile  and  the  stoichiometry  of  the  Inter¬ 
face  reaction  products.  For  compound  semiconduc¬ 
tors,  the  preferential  diffusion  of  one  of  the 
semiconductor  constituents  through  the  Interface 
may  affect  the  dominant  type  of  electrically 
active  defects  that  remain  near  the  semiconductor 
surface.  Such  defects,  together  with  new  local¬ 
ized  Interface  states1®  produced  by  the  local 
reaction  of  metal  and  semiconductor  atoms,  deter¬ 
mine  the  Sehottky  barrier  and  the  transport  prop¬ 
erties  of  the  Junction.  To  interpose  suitable 
Ineerlayers  between  the  semiconductor  and  the 
metal  has  therefore  the  potential  to  control  the 
Junctlon^tof  ile  and  modify  the  Sehottky  har- 

In  this  paper  we  summarize  recent  studies  of 
these  phenomena  with  local  surface  probes  for 
well  characterized,  atomically  clean  SI  and  GaAs 
surfaces.  We  are  still  far  a way  from  practical 
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application  of  natal  passivation,  catalytic  oxl- 
datlon  and  ultrathln  diffusion  harriers  In  davlco 
fabrication  on  tachno logical-grade  seal conductor 
surfaces.  However,  a  practical  exploitation  of 
these  phenomena  raqulraa  a  basic  understanding  of 
the  microscopic  aachanlsas  Involved,  and  this  Is 
the  aajor  goal  of  our  effort. 

EXPERIMENTAL  NOTES 

Synchrotron  radiation  ealttad  by  charged  par¬ 
ticles  circulating  in  a  storage  ring  exhibits  a 
conctnuue  spectrum  extending  from  the  Infrared  to 
the  X-ray  region  end  Is  linearly  polarised  In  the 
plane  of  the  orbit.  In  a  typical  photoeaiaslon 
experiment  a  monochromatic  synchrotron  radiation 
beam  Impinges  on  the  seep Is  surface  at  the  focus 
of  an  electron  energy  analyser.  Angle  integrated 
photoelectron  energy  distribution  curves  (EDO's) 
provide  Information  on  the  energy  distribution  of 
the  electron  states  below  the  fermi  level.  In  an 
ideal  one-electron  picture  the  EDO's  reproduce 
the  Initial  electron  DOS  distorted  by  the  matrix 
element  of  the  optical  excitation  and  superim¬ 
posed  on  a  smooth  secondary  background  due  to 
lnelastlcally  scattered  electrons. 9 *l® 

The  use  of  synchrotron  radiation  allows  one 
to  tune  the  photon  energy  and  exploit  the  dif¬ 
ferent  energy-dependence  of  the  photoexcitation 
probability  of  electron  states  with  dlfferant 
elemental  and  orbital  character.  Also,  the 
sampling  depth  of  the  technique  depends  on  the 
energy-dependent  photoelectron  escape  depth. 
Therefore,  by  varying  the  nhoton  energy  while 
monitoring  the  characteristic  emission  from  one 
of  the  elements  present  at  the  surface,  one  can 
vary  the  sampling  depth  and  obtain  a  nondestruc¬ 
tive  depth-profile  of  Interface  composition. 

Most  experiments  described  here  were  per¬ 
formed  at  the  Synchrotron  Radiation  Center  of  the 
University  of  Wlsconsln-Madlson.  Radiation  from 
the  240  MeV  or  the  1  GeV  electron  storage  rings 
were  monochromatUed  by  a  “grasshopper'*  grsslng 
Incidence  monochromator  and  focused  Inside  our 
photoelectron  spectrometer  (operstlng  pressure 
<  5  x  10“ U  torr).  St(lll)  2x1  and  GaAs(llO)  Ixl 
surfaces  were  obtained  by  cleavage  ln_  situ,  and 
metal  overlayers  were  deposited  from  reslstlvely 
heated  evaporators  at  pressure  <  2  x  10“ 1®  torr, 
with  overlayer  thickness  measured  by  a  quarts 
thickness  monitor.  Exposure  to  oxygen  was  per¬ 
formed  In  the  10" 7-10"’  torr  range  with  pressure 
monitored  by  a  low-emission  Ion  gauge.  For  com¬ 
parison  we  also  conducted  oxygen  chemisorption 
studies  on  free  St(lll)  end  GaAs(llO)  surfaces 
under  the  same  conditions.  Catalytic  oxidation 
promotion  effects  are  measured  by  comparison  with 
the  results  for  the  free  surface. 

Fhotoelectrons  were  collected  and  analysed  In 
angle-integrated  EDC's  with  a  commercial  hemi¬ 
spherical  analyser,  with  overall  resolution 
(electrons  ♦  photons)  of  0.2S-0.40  eV.  EDC's  for 
the  emission  from  elemental  core  levels  are  shown 
after  subtraction  of  a  smooth  secondary  back¬ 
ground.  The  Intensity  of  a  core  level  provides 
Information  on  the  spatial  concentration  of  the 


corresponding  element.  The  binding  energy  of  the 
core  level,  together  with  the  characteristic 
valence  band  emission,  were  used  to  gain  Informa¬ 
tion  on  the  chemical  reactions  taking  place  at 
the  interface  and  on  the  character  of  the  reac¬ 
tion  products. 

RESULTS  AND  DISCUSSION 


OXIDATION  STUDIES  —  The  deposition  of  most 
(but  not  all)  metal  overlayers  on  SI  and  GaAs 
surfaces  yields  an  Increase  of  the  oxygen  uptake 
rate  relative  to  the  clean  semiconductor  surface. 
Metals  as  diverse  as  Au,1"3  Ag,*"3  Cu,  Fd,  Cr,5 
Cs,  Na,  and  So7  have  all  been  shown  to  give 
rise  to  such  an  effect.  In  Fig.  I  we  show  the 
effect  of  ogrsen  exposure  on  the  St  2p  core  line- 
shape  for  a  miner  of  ultrathln  metal  overlayers 
(monolayer  (ML)  range).  Spectra  for  Sm  (1.5  (C), 
Cs  (1  ML),  Na  (1.5  fg.)  and  Cr  (2  M.)  overlayers 
on  St(lll)  ars  shown  before  (dashed  line)  and 
after  (solid  line)  exposure  to  100  L  of  oxygen 
(24  L  for  Cs).  For  comparison  we  also  show 
(bottom-most  spectrum)  results  for  the  oxidation 
of  the  free  Sl(lll)  surface.  The  overlayers 
Included  In  Fig.  1  are  those  which  eidilblt  the 
largest  oxygen  uptake  rate.  Us  have  chosen  com¬ 
parable  metal  coverages  for  all  overlayers. 

Higher  metal  coverages  yield  similar  or  higher 
oxygen  uptake  races.  The  vertical  bars  in. Fig.  I 
at  0.9,  1.8,  2.6  and  3.5  eV  mark  the  position  of 
the  chemically  shifted  Si  2p  contribution  ob¬ 
served  by  Holllnger  and  Hlmpsel1*  during  Sl(lll) 
oxidation  and  associated  by  these  authors  with  Si 
atone  bonded  to  1,  2,  1  and  4  oxygen  atoms, 
respectively.  Figure  1  shows  that  the  reaction 
products  Involve  nonequivalent  oxidation  states 
for  silicon,  and  are  consistent  with  what  could 
be  expected  for  a  disordered,  substolchlometrlc 
SlOj  phase.  In  the  case  of  Cr,  as  well  as  Au,1"3 
Ag3  and  possibly  the  other  transition  metsl  exam¬ 
ined,4  the  Si  oxide  appears  to  nucleate  on  top 
of  the  metal  over layer.  A  similar  situation  is 
encountered  during  oxidation  of  transition  metal 
stllclde  layers  on  silicon. 15,16  Most  models 
proposed  to  explain  this  effect  suggest  that  the 
formation  of  a  slllclde-llke  Interface  reaction 
product  breaks  up  the  sp3  configuration  of  the  Si 
substrate  so  that  the  SI  atoms  at  the  interface 
would  be  in  a  metallic  environment  with  "dis¬ 
rupted  bonds'*  and  they  could  easily  be  oxidised. 
Abhatl  et  al.4  and,  more  recently,  d'Heurle  et 
at.  propose  that  a  self-sustaining  mechanism 
exists  for  which  a  flow  of  Si  atoms  is  estab¬ 
lished  through  a  slllcon-metal  slllclde-llke 
layer  located  between  the  growing  oxide  and  the 
SI  substrate.  This  layer  would  moke  Si  atoms 
with  broken  sp3  configuration  and  "weaker"*  Sl-Sl 
bonds  available  for  oxidation.  The  Incoming  oxy¬ 
gen  would  then  react  preferentially  with  Si  and 
displace  the  metal  from  Si  so  that  the  metsl 
would  become  available  for  Intermixing  with  the 
substrate  snd  produce  further  sllicide. 


This  model  does  not  seas  to  apply  in  full  to 
the  low-electronegativity  overlayers  Sm,*  Cs, 
and  Na.  For  Cs  and  Na  (and  possibly  Sm)  the  * 
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Fig.  I  —  SI  2p  core  cal talon  btfort  (dashed  lint) 
and  aftar  (solid  lino)  closure  to  100  L  (2d  L 
for  Ct)  of  oxygon.  Wo  show  roaultt  for  the  froo 
SI  surface  (bottoa-most  EDC)  while  spectra  dis¬ 
placed  upward  show  the  effect  of  Cr,  Ha,  Cs,  and 
Sm  overlayers  on  SI  oxidation.  The  vertical  bars 
nark  the  position  of  SI  2p  oxide  features  asso¬ 
ciated  by  Holllnger  and  Hlapsel  (Kef.  Id)  with  SI 
aeons  coordinated  with  one,  two,  three,  and  four 
oxygen  atoas. 

SI -oxl do  appears  to  nucleate  below  the  aatallle 
layer.  Furtheraore,  the  alkali  aetals  do  not 
Intermix  with  silicon,  do  not  fora  slllclde-llke 
reaction  products,  and  they  do  not  break  the  sp* 
hybridisation  of  the  SI  surface  atoas. 

We  have  proposed'  that  for  low-elect ronega- 
tlvlty  over layers  the  estahllshaent  of  a  large 
surface  dipole  Is  responsible  for  oxidation  pro- 
aotlon.  The  chemisorption  of  low-eleetronega- 
tlvlty  astsls  Induces  a  modification  of  the  elec¬ 
trostatic  potential  In  the  surface  region.  The 
aecal  valence  electrons  are  polarised  toward  the 
substrate  surface  leading  to  a  dipole  layer 
which  ralaea  the  electron  levels  of  the  surface 


relative  to  the  vacuia  level.  The  rigid  shift  of 
the  Feral  level  yields  a  asasurahle  reduction  of 
the  work  function.  If  a  aoleeular  species  Is 
adsorbed  within  the  surface  dipole  layer,  the 
energy  shift  of  the  aoleeular  level  Is  less  pro¬ 
nounced  than  that  of  the  substrate  levels.  This 
aay  result  In  charge  transfer  to  aoleeular  anti- 
bonding  orbitals,  and  formation  of  atoalc  oxygen 
that  can  react  with  SI  atoas  In  ehe  Interface 
region. 

Slallar  phenomena,  l.e.  ehe  nueleatlon  of 
semiconductor  oxides  on  top  or  below  a  aatallle 
overlayer,  have  been  observed  on  GaAs  surfaces. 
Without  a  aatallle  overlayer  the  GaAs(llO)  sur¬ 
face  Is  relatively  unreactlve  upon  oxygen  expo¬ 
sure.  At  room  temperature  and  at  low  oxygen 
pressure  only  subaonolayer  oxygen  eoweragea  are 
obtained.  Metallic  over layers  Including  Cr,* 

Au,  Sa,®  and  Ma*'  have  been  shown  to  yield 
Increase  of  ehe  oqrftn  uptake  rate,  and  the  for- 
aatlon  of  Ga  and  A a  oxides.  Most  aatals  Inter¬ 
mix  with  CaAs  upon  deposition  giving  rise  to 
arsenlde-llke  Interface  phases  and/or  netal-Ga 
alloys.  The  similarity  In  the  eheaieal  bonding 
of  slllelde  and  arsenide  phases  Inspired  ehe  sug¬ 
gestion  that  a  self-sustaining  oxidation  aeeha- 
n Isa  slallar  to  ehe  one  proposed  by  Ahbatl  et  al. 
alght  be  active  also  for  transition  astals  on 
GaAs.*  The  supporting  evidence,  though.  Is  still 
scarce.  It  Is  true,  for  example,  that  Ag  over¬ 
layers  on  GaAs  do  not  give  rise  to  oxidation  pro¬ 
motion  effects,  and,  correspondingly,  aoet 
authors  have  Indicated  that  the  CaAs-Ag  interface 
shows  little  or  no  atonic  lnterdlffuslon  and  no 
arsenide  formation.  However,  it  In  often  still 
unclear  (Cr)  If  the  oxides  are  nucleated  on  top 
or  below  the  metallisation  layers,  and  the  nature 
of  the  oxide  species  Is  also  not  coapletely  clear. 
In  Fig.  2  we  show  the  situation  for  Sa  overlayers 
on  GaAs.  The  As  3d  ealsslon  Is  shown  normalised 
to  the  main  ealsslon  feature  after  subtraction  of 
the  secondary  background.  The  sero  of  the  bind¬ 
ing  energy  scale  corresponds  to  the  Initial  core 
binding  energy  for  the  clean  surface  In  flat-band 
conditions.  The  bottom-most  EDC  Is  representa¬ 
tive  of  the  coverage  range  where  divalent  Sa  spe¬ 
cies  dominate.  The  other  EDC  Is  representative 
of  the  coverage  range  where  trlvalent  Sa  species 
dominate.  The  spectra  are  shown  before  (dashed 
line)  and  after  (solid  line)  exposure  to  1000  L 
of  oxygen.  Oxygen  exposure  gives  rise  to  two 
well-defined  oxidised  features:  a  broad  line 
near  the  sero  of  the  energy  scale,  and  a  high 
binding  energy  feature  near  3  eV.  Vertical  bars 
1-4  in  Fig.  2  Indicate  the  position  of  As  3d  fea¬ 
ture  observed  by  Landgren  et  al.  0.8,  2.3,  3.2 
and  4.2  eV  below  the  Initial  substrate  As  3d 
binding  energy,  and  associated  by  these  authors 
with  As  atoms  coordinated  with  one,  two,  three 
and  four  ogygen  atoas,  respectively.  Vertical 
bar  5  corresponds  to  the  position  of  the  Am  3d 
core  level  observed  In  AajO)  by  Su  et  al.**  The 
results  of  Fig.  2  Indicate  the  foraetlon  of  two 
main  oxide  phases:  an  As  oxide  where  low  oxida¬ 
tion  states  ere  preeent,  and  a  second  high  sta¬ 
bility  phase  slallar  to  AS2O3. 


Fig.  2  —  Aa  3d  eor«  emission  at  hv  *  S3  eV  from 
CaAs(llO)  surfaces  before  (dashed  line)  and  after 
e  xposure  to  1000  L  of  oiqrgen.  before  oxidation 
the  result  of  As  Interaction  with  mostly  trlva- 
lent  Sm  atoms  Is  the  emergence  of  a  low  binding 
energy  3d  contribution  at  about  *1.2  eV  associ¬ 
ated  with  the  formation  of  arsenlde-llke  Inter¬ 
face  species.  The  zero  of  the  binding  energy 
scale  corresponds  to  the  Initial  flat  band  As  3d 
binding  energy  for  the  free  surface.  In  this  ex¬ 
posure  range  oxidation  of  the  free  surface  yields 
only  minor  modifications  of  the  core  llneshapc 
while  the  presence  of  Sm  overlayers  yields  oxida¬ 
tion  promotion  effects.  Oxidation  gives  rise  to 
two  distinct  oxidized  As  features,  one  centered 
at  about  3  eV,  and  a  second  one  near  the  zero  of 
the  binding  energy  scale  that  Involves  lower  oxi¬ 
dation  states.  The  vertical  bars  1-4  mark  the 
position  of  the  oxidized  As  3d  feetures  observed 
by  Langren  et_ al.  (Ref.  18)  for  Aa  coordinated 
with  one  to  four  oxygen  stoma.  The  vertical  bar 
5  marks  the  position  of  the  Aa  3d  core  level  In 
**2°3»  3u  et^ ai.  (Ref.  19). 

DIFFUSION  BARRIER  STUDIES  -  Very  few  studies 
exist  of  the  microscopic  mechanism  that  deter¬ 
mines  the  properties  of  diffusion  barriers.  Al 
Interlayers  at  GaAa(llO)^ietal  Interfaces  have 
been  shown  tn  change  dramatically  atonic  lnter- 
dlffuslon  through  the  Interface.*0  Al  Interlay¬ 
ers  at  the  CdS-Au  Interface  have  also  been  shown 
to  change  the  Schottky  barrier. 12  With  Increas¬ 
ing  Interlayer  thickness  the  macroscopic  Junction 
behavior  evolves  from  rectifying  to  ohmic.  The 
mechanics  underlying  this  Impressive  result  Is 
still  subject  of  debate.  On  SI,  Cr  Interlayers 
at  the  Sl(lll)-Au  Interface  exhibit  a  striking 


nonmonotonic  offset.21  A  critical  Interlayer 
thickness  of  about  9A  Is  necessary  at  room  tem¬ 
perature  to  observe  a  “diffusion  harrier*  effect. 
Between  2  and  9A  the  Interlayer  actually  promotes 
the  Sl-Au  Intermixing.  For  coverage  less  than 
2A,  the  Interlayer  has  a  slightly  negative  effect 
on  lnterdiffualon.  This  strikingly  nonmonotonic 
behavior  Is  related  to  the  existence  of  three 
different  stages  of  St-Cr  reaction,  corresponding 
each  to  a  different  morphology  of  the  Interface 
region,  a  different  microscopic  arrangement  of 
the  St  stoma  and,  hence,  a  different  energy  con¬ 
tent  of  the  SI -Si  bond. * 3  Promotion  of  Sl-Au 
atomic  lnterdiffuslon  Is  related  to  an  Increase 
in  reactivity  of  the  SI  surface  atoms  In  the 
coverage  range  where  e  St-Cr  sllielde-like  Inter¬ 
face  phase  Is  formed.  When  Cr  and  SI  react  the 
average  Sl-Sl  binding  energy  Is  reduced  and  the 
broken  surface  bonds  represent  sites  where  the 
chemically  driven  Sl-Au  Intermixing  may  start. 

In  the  absence  of  an  applied  field  the  chemically 
activated  character  of  the  lnterdiffuslon  Is 
emphasized  by  the  sharp  reduction  In  Intermixing 
that  occurs  for  Interlayer  thickness  above  9A. 

In  this  coverage  range  unreacted  Cr  Is  present  on 
top  of  the  Sl-Cr  slllcide  end  acta  as  an  effec¬ 
tive  diffusion  barrier  for  Intermixing. 2 l 

In  those  eases  in  which  the  driving  force  for 
lnterdiffuslon  Is  not  simply  chemical,  such  aa 
during  high  temperature  processing  or  electro- 
migration,  the  diffusion  barrier  may  still  be 
effective  on  the  basis  of  two  possible  micro¬ 
scopic  mechanisms.  Chemical  trapping  of  the 
moving  species  In  the  Interface  region  nay  be 
possible  hv  choosing  an  Interlayer  with  large 
chemical  affinity  for  the  diffusing  atone.  The 
ensuing  chemical  reaction  could  produce  Interface 
reaction  products  that  structurally  or  electroni¬ 
cally  block  the  microscopic  avenues  for  entroplc 
and  chemically  activated  diffusion. 

Alternatively,  the  establishment  of  an  elec¬ 
trostatic  dipole  field  at  the  semiconductor-metal 
Interface  may  prevent  diffusion  of  polar  species 
without  the  formation  of  new  reaction  products. 

One  can  distinguish  between  these  two  mecha¬ 
nisms  on  the  basis  of  microscopic  analysis  of  the 
Interface  region  (depth  profiling)  or  from  the 
dependence  of  the  diffusion  barrier  effect  on  In¬ 
terlayer  thickness.  In  Fig.  3  we  show  for  exam¬ 
ple  the  case  of  Al  Interlayers  at  the  GaAs(llO)- 
Cr  Interface.  In  the  top  section  of  the  figure 
we  describe  schematically  the  geometry  of  the 
Interface  region.  The  Al  Interlayer  acts  as  a 
marker  of  the  Interface,  but  also  strongly  modi¬ 
fies  atomic  lnterdiffuslon.  This  can  be  seen  In 
the  bottom-most  section  of  Fig.  3  where  the  ap¬ 
parent  Ga/Aa  ratio,  obtained  from  the  Integrated 
emission  Intensity  of  the  Ga  3d  and  A a  3d  core 
levels  Is  shown  as  a  function  of  interlayer 
thickness  at  a  constant  Cr  coverage  of  10A. 
Taking  as  unity  the  value  of  the  ratio  when  no 
Interlayer  Is  present,  one  sees  an  almost  1001 
Increase  In  the  ratio  when  a  thin  (1A)  Al  inter- 
layar  Is  interposed  between  GaAs  and  Cr.  Plots 
of  the  As  and  Ca  3d  emission  In  the  sane  section 
of  Fig.  3  show  that  the  trend  towards  a  Ga-rleh 
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FI?.  3  -  Top:  A1  Ineorlaycrs  at  the  GaAs-Cr 
Interface  act  aa  a  diffusion  barrier  and  control 
a  tool c  lnterdlf fusion  through  the  Interface. 
Bottom:  The  Ga/As  ratio  from  the  Integrated  In* 
tensity  of  the  Ga  3d  and  As  3d  core  emission  Is 
plotted  as  a  function  of  A1  Interlayer  thickness 
at  a  constant  Cr  coverage  of  10*.  Shown  also  for 
coflfiarlson  are  the  As  3d  and  Ga  3d  core  lntensl- 
ties.  All  values  are  normalised  to  the  emission 
Intensity  observed  when  no  interlayer  Is  present. 

outdlf fusion  Is  maximum  already  at  IX  of  Inter¬ 
layer  thickness  and  remains  relatively  constant 
at  higher  Interlayer  thickness.  This  Is  In  sharp 
contrast  with  the  case  of  A1  Interlayers  at  the 
CaAs-Au  Interface,20  for  which  an  Increase  of 
over  one  order  of  magnitude  was  observed  In  the 
relative  Ga  to  As  outdlf fusion,  but  the  effect 
was  shown  to  Increase  monotonlcally  with  Inter¬ 
layer  thleknees.  We  proposed22  that  In  the  Cr 
case  the  dipole  field  at  the  semlconductor^tetal 
Interface  Is  the  dominant  mechanism  In  control¬ 
ling  lnterdlf fusion,  as  opposed  to  the  Au  ease, 
where  chemical  trapping  of  the  As  atoms  In  the 
Interlayer  Is  the  mein  mechanism.20  The  results 
of  Fig.  3  are  In  fact  consistent  with  the  evolu¬ 
tion  of  the  dipole  layer,  that  Is  formed  at  low 
Interlayer  thickness  and  Is  largely  unaffected  by 
further  Increase  In  Interlayer  thickness.10 

CONCLUSIONS 

Locsl  studies  of  lnterfsce  evolution  with 
nondestructive  synchrotron  rsdlstlon  probes  show 


thet  the  local  morpholow  of  the  semiconductor- 
metal  Interface  Is  of  paramount  Importance  In 
determining  the  behavior  of  metallization  pat¬ 
terns  as  far  as  closure  to  oxidizing  atmospheres 
(corrosion)  and  lnterdlf fusion  are  concerned. 
These  properties  can  he  modulated  and  controlled 
by  Interposing  suitable  Interlayers  between  the 
semiconductor  and  the  metal  overlayer.  Possible 
applicatlone  Include  the  formation  of  passivating 
silicon  oxide  layers  on  top  of  transition  metal 
or  slllctde  metallizations,  the  use  of  ultrathln 
catalyst  layers  to  promote  semiconductor  oxida¬ 
tion  at  low  temperature  and  pressure,  the  use  of 
diffusion  harriers  to  control  eleetromlgratlon. 
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